The temporal pattern of expression of genes for several growth factor ligands and receptors was examined in preimplantation water buffalo embryos and oviduct epithelial cells using RT-PCR 
Introduction
Successful methods for producing large numbers of water buffalo embryos from abattoir-derived ovaries are well documented (Totey et ah, 1992 (Totey et ah, ,1993a (Totey et ah, ,b, 1996a Madan et ah, 1994) . However, development of specific culture regimens that are capable of supporting in vitro maturation (IVM), in vitro fertilization (IVF) , and subsequent development of water buffalo zygotes to the blastocyst stage is required to produce good quality embryos.
The small number of inner cell mass (ICM) cells in IVFderived blastocysts is indicative of reduced viability, and may result in lower pregnancy rates in water buffalo (Totey et ah, 1996a) . However, addition of IGF-I during in vitro culture of embryos significantly increased the number of trophectoderm and ICM cells (Narula et ah, 1996) . IGF-I also improved bovine embryonic development in vitro (Kaye et ah, 1992; Palma et ah, 1997) . Insulin improved the devel¬ opment of preimplantation embryos in mice (Gardner and Kaye, 1991) , rats (Hertogh et ah, 1991) , pigs (Lewis et ah, 1992) , cattle (Matsui et ah, 1995) and water buffalo (Totey et ah, 1996b) . Larson ef ah (1992) reported that addition of basic fibroblast growth factor and transforming growth factor ß (TGF-ß) at physiological concentrations to the culture medium improved the development of bovine in vitro matured and fertilized zygotes beyond the 16-cell stage and up to the blastocyst stage.
Growth factors have a regulatory role in ovarian function (Adashi et ah, 1985) . Pawshe et ah (1998) reported that IGF-I induced proliferation of granulosa cells and maturation of oocytes in water buffalo. There was a significant increase in cleavage rate and blastocyst development when the oocytes were matured in the presence of IGF-I (Pawshe et ah, 1998) .
This implies that IGFs have a key role in preimplantation development in mammals (Larson et ah, 1992 epidermal growth factor (EGF), TGF-ß, TGF-and insulin (Schultz and Heyner, 1993a (Rappolee et ah, 1989; Telford et ah, 1990a) , cattle (Schultz et ah, 1992; Watson et ah, 1992) , rats (Zhang et ah, 1994) and humans (Lighten et ah, 1997) . Various growth factors such as EGF, TGF-, TGF-ß and IGF-I have been identified in the oviducts of some mammalian species (Lei and Rao, 1992) . (Narula et ah, 1996 (Fig. la) and buffalo-derived cell lines (Fig. 2, lanes 1-3) and oviduct epithelial cells ( Fig. li;  Fig. 2, lanes 4-6) . However, IGF-I ligand was not detected at any stage in development of the preimplantation embryos (Fig. lc-h ). In the Bu-IMR-31 cell line (Fig. lb) (Fig. 3b) (Fig. 4) Transcripts encoding the IGF-I receptor were detected in all developmental stages of the preimplantation embryos ( Fig. lc-h (Fig. la,e) (Fig. lc) , but was not detected in embryos at the two-cell (Fig. Id) and the four-cell (Fig. le) stages. The transcript was apparent in embryos at the eight-cell (Fig. If) and the blastocyst stages (Fig. Ih) , but was not detected in morulae (Fig. lg) and oviduct epithelial cells (Fig. li) .
Analysis of the pattern of transcription of the insulin receptor by RT-PCR showed the presence of a single expected 327 bp amplified product in oocytes (Fig. lc) , all embryonic stages (Fig. ld-h ) and oviduct epithelial cells (Fig.  li) (Fig. lc) and embryos at the eight-cell and blastocyst stages (Fig. lf,h ), but not in morulae (Fig. lg) and oviduct epithelial cells (Fig. li) . Similar to insulin, the transcript for the IGF-II ligand was not detected in embryos at the two-or four-cell stages (Fig. ld,e) . Restriction digestion with the appropriate enzyme, Sac II, yielded fragments of expected size (189 and 67 bp).
The transcripts for the IGF-II receptor were not observed in the oviduct epithelial cells, oocytes and or any of the embryonic stages (Fig. lc-i) , although an expected 186 bp IGF-II receptor product was identified in both the control cell lines (Fig. la,b) 
Expression ofTGF and EGF
Although expected 239, 273 and 247 bp TGF-, TGF-ß2 and EGF products were detected in the positive control cell line (BRL-3A) (Fig. la) , only the TGF-and TGF-ß2 transcripts were present in the Bu-IMR-31 cell line (Fig. lb) . The RT-PCR analysis showed an absence of these growth factors in oocytes (Fig. lc) and embryos ( Fig. ld-h) . However, the 239 bp amplified product, corresponding to the transcript for TGF-, was detected in oviduct epithelial cells (Fig. li) (1990) (Totey et ah, 1996b) . Similarly, the number of trophectoderm and ICM cells is significantly increased in blastocysts cultured in the presence of IGF-I (Narula et ah, 1996) . Gardner and Kaye (1991) reported similar results in mice.
In conclusion, the results of the present study indicate that growth factors such as insulin, IGF-I and IGF-II and their receptors are selectively expressed at various stages of embryonic development. This indicates that they are important in the development of preimplantation stage water buffalo embryos, but further confirmation is required. In addition, IGF-I is produced by oviduct epithelial cells and may act via a paracrine mechanism within the water buffalo oviduct to provide an optimal environment for embryonic development.
